1. Introduction {#s0005}
===============

Mild cognitive impairment (MCI) is a clinical syndrome which is proposed as a transitional stage from normal aging to dementia ([@bb0185]), with the high-risk rate of developing to dementia being about 10 to 54% within one year, and to Alzheimer\'s disease (AD) about 10--15% per year ([@bb0380], [@bb0415]). Despite an increased risk of developing dementia/AD, cognition can be preserved or even improved in MCI ([@bb0040], [@bb0210]). Strategies for prevention and/or delay of progression of MCI into dementia/AD thus need to be examined and implemented, since no curative treatment for this neurodegenerative disease currently exists.

The potential mechanisms of age-associated declines in cognitive functions can be attributed to sedentary lifestyle ([@bb0310]), and/or a reduced ability to secrete neurotrophic \[e.g., insulin-like growth factor 1 (IGF-1) and brain-derived neurotrophic factor (BDNF)\] ([@bb0105], [@bb0495], [@bb0640]) and angiogenic factors \[e.g., vascular endothelial growth factor (VEGF) and fibroblast growth factor 2 (FGF-2)\] ([@bb0640]). The earliest, prodromal stages of dementia (i.e., MCI) are accompanied not only by apparently progressive degeneration of the hippocampus, but also by age-related attenuated neuropil and loss of synaptic connections ([@bb0375]). Exercise-induced neuroprotective growth (e.g., BDNF and IGF-1) and pro-angiogenic (e.g., VEGF and FGF-2) factors, collectively called exerkines, have been shown to promote neuronal survival, development, differentiation, proliferation and growth ([@bb0085], [@bb0400]), and to mediate functional and structural changes in the hippocampus ([@bb0145], [@bb0355], [@bb0640]). Circulating exerkines are necessary for exercise-induced adult hippocampal neurogenesis ([@bb0190], [@bb0640]). Previous studies demonstrated that decreased expression of the BDNF gene in the hippocampus may contribute to the progression of cell death in AD ([@bb0420]). The parietal cortex and hippocampus of individuals with MCI ([@bb0405]) or AD ([@bb0405], [@bb0420]) contain less BDNF precursor and mature BDNF mRNA and protein, and circulating BDNF is reduced in AD ([@bb0330], [@bb0660]). Patients with AD also showed significantly lower circulating IGF-1 ([@bb0390]), which is reported to act as a neuroprotective trophic factor in both in vivo and in vitro models of AD ([@bb0020], [@bb0095]). Moreover, levels of IGF-1 have been found to correlate positively with hippocampal volume ([@bb0355]), while low serum IGF-1 is linked to increased Aβ accumulation in mutant mice, and higher serum IGF-1 increased clearance of the brain Aβ in rats ([@bb0105], [@bb0045]). Cerebrovascular alterations are often observed in MCI ([@bb0165]). AD has also been suggested to be an angiogenesis-dependent disorder ([@bb0585]). Compared to patients with healthy subjects, a significant decrease in serum VEGF was found in AD patients ([@bb0485]). Likewise, reduced circulating levels of FGF-2 by middle age are likely the cause of aging of hippocampus ([@bb0475]). Collectively, perturbations of the secretion of these exerkines are likely associated with the progression of AD neuropathology.

Executive functions are associated with the quality of life and ability to perform daily living tasks in patients with neurodegenerative diseases ([@bb0350]). Attentional control and response interference/inhibition are executive functions involved in self-monitoring to determine the appropriate behavior and goal-driven allocation of attention towards the processing of task-relevant stimuli and responses ([@bb0350]). Recently, older adults with MCI relative to healthy controls have been found to show deficits in attentional control and response interference/inhibition ([@bb0630], [@bb0650]). However, clinically, the cognitive reserve hypothesis has been established for the onset and progression of the disease ([@bb0220]), suggesting that a trained brain has a larger cognitive reserve to compensate for AD neuropathology than an inactive one ([@bb0640]).

A large body of literature has documented that physical exercise is a promising nonpharmacological intervention to retard cognitive aging. Potential neurobiological mechanisms include exercise-induced exerkines ([@bb0145], [@bb0245], [@bb0565]), which could be associated not only with cerebral plasticity and neurogenesis, but also with angiogenesis to make the brain more resistant to structural and functional neurodegeneration ([@bb0600], [@bb0625]). Indeed, [@bb0625] demonstrated that exercise-induced changes in circulating growth factors (e.g., BDNF, IGF-1, and VEGF) were related to increases in temporal lobe functional brain connectivity in the elderly. Acute exercise can increase circulating BDNF, IGF-1 and VEGF in healthy persons ([@bb0065], [@bb0140], [@bb0445], [@bb0465]). In animal studies, FGF-2 expression can be regulated by short-term physical exercise to enhance cognitive function ([@bb0245], [@bb0250]). However, consensus has not yet been reached concerning the effects of acute exercise on circulating levels of these exerkines in the elderly with pathology. Older individuals with MCI have lower physical fitness ([@bb0570]), and physical activity is strongly associated with exercise-induced systemic release of these exerkines ([@bb0640]). Accordingly, more work is needed to explore the hypothesis that the amount of exerkines could be effectively increased via physical exercise in MCI individuals who could have deficiencies in their secretion.

Recent studies found that older MCI adults who regularly participated in physical exercise showed immediate recall improvement and reduced whole brain cortical atrophy ([@bb0510]), which could be associated with reduced cholesterol and increased BDNF ([@bb0510]). Likewise, [@bb0060] found that a six-month aerobic exercise intervention had beneficial effects on cognition in individuals with amnestic MCI (aMCI). These studies suggest that although executive functions decrease in older MCI adults ([@bb0080], [@bb0115]), they still exhibit cognitive and neural plasticity and physical exercise seems to play a protective role by attenuating the progression of cognitive impairments in MCI.

A growing number of studies confirm the beneficial effects of aerobic exercise on the behavioral performance of older MCI adults ([@bb0060], [@bb0530]). Resistance exercise is also increasingly recommended as an alternative to reduce dementia risk ([@bb0030], [@bb0425]). However, too few studies have been specifically conducted on this to draw sufficient conclusions. In fact, both aerobic and resistance exercise can employ divergent molecular mechanisms to facilitate cognition ([@bb0110]), indicating that the neural benefits of exercise might depend on the exercise mode adopted. The first purpose of this work was thus to examine the effects of acute aerobic or resistance exercise on the neurocognitive performance and molecular changes in older persons with aMCI. In addition, several reports over the past decade demonstrated electrophysiological impairments in aMCI patients ([@bb0080], [@bb0125], [@bb0570]), and exercise-induced peripheral growth factors are strongly associated with cognition/clearance of brain Aβ and, importantly, can be up-regulated by physical exercise ([@bb0105], [@bb0190], [@bb0245]). However, their role in acute-exercise-induced changes in neurocognitive performance in aMCI is still not clear. Therefore, the second purpose of this study was to investigate whether the circulating levels of exerkines are related to any exercise-induced neurocognitive changes. Since acute bouts of exercise could facilitate neurocognitive performance in older adults ([@bb0300]), and significantly increase circulating levels of exerkines, as mentioned above, we hypothesized that acute aerobic and resistance exercise would improve deficits of the executive functions, paralleled by an increased production of exerkines, which would be linked to changes in neurocognitive performance.

2. Methods {#s0010}
==========

2.1. Participants {#s0015}
-----------------

Sixty-six older adults (60 to 80 years) with amnestic MCI (aMCI) were recruited using a standardized clinical protocol from the Alzheimer\'s Disease Research Center, National Cheng Kung University Hospital. After baseline measurements as mentioned below, they were randomly assigned to either an aerobic exercise (AE, n = 25), a resistance exercise (RE, n = 21) or a control group (n = 20). The clinical inclusion criteria for the participants with aMCI were as follows while stratifying for age and gender ([@bb0410], [@bb0415], [@bb0505], [@bb0570]): (1) subjective memory complaints confirmed by family members; (2) objective memory impairment for age; (3) a Clinical Dementia Rating (CDR) of 0.5; (4) Mini-Mental State Examination (MMSE) score \> 24 ([@bb0215]); (5) absence of significant levels of impairment in other cognitive domains (e.g., attention, language, orientation, and abstraction), as assessed by the Cognitive Abilities Screening Instrument (CASI) ([@bb0535]); (6) largely intact functional activities of daily living; (7) no brain abnormalities (e.g., stroke and malignant brain tumors) seen via structural MRI scans; (8) an absence of dementia; and (9) non-depressed, with a score of \< 13 on the Beck Depression Inventory, 2nd edition (BDI-II) ([@bb0075]). Single photon emission computed tomography (SPECT) for functional examinations and computed tomography (CT) for structural brain examinations were performed when more information was needed to confirm the diagnosis. All participants were right-handed according to the Edinburgh Handedness Inventory ([@bb0395]), with normal or corrected-to-normal vision based on the minimal 20/20 standard, and without a history of current psychiatric illnesses, substance abuse or addiction, anti-dementia medicine, significant cerebrovascular and metabolic diseases, musculoskeletal impairment, or other significant neurological disorders. The demographic characteristics of the three groups are summarized in [Table 1](#t0005){ref-type="table"}. Written informed consent, as approved by the Institutional Ethics Committee of National Cheng Kung University Hospital, was obtained from all the participants.Table 1Demographic characteristics (Mean ± SD) of the two exercise intervention \[i.e., aerobic exercise (AE) and resistance (RE)\] groups and one non-exercise-intervention (control) group.Table 1AE (n = 25)RE (n = 21)Control (n = 20)*p*Age (years)65.48 ± 7.5366.05 ± 6.6464.50 ± 6.950.780Gender (male/female)11/149/128/120.327Height (cm)160.60 ± 7.85158.85 ± 8.51159.74 ± 8.810.780Weight (kg)62.13 ± 13.6062.11 ± 12.1261.40 ± 12.980.978Body mass index (kg/m^2^)23.83 ± 3.2024.48 ± 3.1923.84 ± 3.060.740Education (years)12.20 ± 3.2011.81 ± 3.4311.85 ± 2.820.898Systolic pressure (mmHg)123.64 ± 15.09129.00 ± 19.45128.55 ± 17.170.502Diastolic pressure (mmHg)76.84 ± 10.2778.76 ± 11.0076.95 ± 9.990.794MMSE26.96 ± 1.2126.76 ± 1.3827.00 ± 1.590.837BDI-II6.80 ± 4.085.29 ± 5.087.5 ± 4.120.266Social participation10.08 ± 2.3310.52 ± 2.7111.05 ± 2.760.463Working memory span19.20 ± 1.7820.38 ± 1.7519.90 ± 2.170.1137-day PAR (Kcal/d)1779.80 ± 392.181862.67 ± 455.421847.85 ± 377.090.763Grip (kg)28.88 ± 10.4329.57 ± 10.7526.98 ± 9.550.705Back scratch (cm)− 5.00 ± 10.36− 4.14 ± 9.430.28 ± 8.280.158Chair sit-and-reach (cm)5.42 ± 11.235.19 ± 8.115.90 ± 9.440.972Arm curl (number)20.04 ± 6.1819.24 ± 5.8918.00 ± 5.840.5278-foot up-and-go (sec)6.21 ± 0.956.30 ± 1.426.81 ± 1.500.267Chair stand (sec)17.16 ± 4.8416.38 ± 4.3915.60 ± 5.090.555VO~2max~ (mL/kg/min)24.92 ± 5.0523.56 ± 4.6224.56 ± 3.430.579[^2]

2.2. Experimental procedure {#s0020}
---------------------------

The primary interest was to investigate the effects of acute exercise on neurocognitive performance and on systemic neuroprotective signals (exerkines). The experimental procedure is shown in the flowchart presented in the [Fig. 1](#f0005){ref-type="fig"}. Two visits to the cognitive neurophysiology laboratory were required for all participants. On the first visit, the experimental procedure was explained, and an informed consent form, a medical history and demographic questionnaire, MMSE, DBI-II, social participation, and a handedness inventory were completed by the participants. Working memory span was estimated using the digit span component of the Wechsler-IV Adult intelligence test ([@bb0635]). To provide sufficient preactivity screening to lower potential risk factors before the acute exercise intervention, the participants\' previous levels of physical activity were assessed using a seven-day physical activity recall questionnaire (7-day PAR) ([@bb0455]) and Physical Activity Readiness Questionnaire (PARQ) ([@bb0540]). Their height and weight were also measured to calculate their body mass index (BMI). Two certified fitness instructors then completed all assessments of functional physical fitness ([@bb0440]). The Rockport Fitness Walking Test ([@bb0315]) was adopted to estimate the participants\' VO~2max~, in which they were required to walk one mile as quickly as possible, with their heart rate (HR) being continuously recorded using a Polar heart rate (HR) monitor (RX800CX, Finland). For the RE group, one repetition maximum (1-RM) and peak muscle power for each participant were assessed, and all the participants were asked to become familiarized with the use of free weights and bodybuilding machines before the acute resistance exercise intervention.Fig. 1Flowchart of the study.Fig. 1

Before the second visit in the same week, the participants were asked to arrive at the laboratory at about 8:30--9:30 am to control for circadian influences. They were also required to refrain from strenuous exercise for at least 24 h, and smoking, food, caffeine and alcohol intake were also prohibited for at least 12 h, since these factors could be associated with increases in P3 amplitude ([@bb0175], [@bb0235]) and molecular makers ([@bb0645]). When arriving at the laboratory with an acoustically shielded room with dimmed lights, each participant was fitted with a Polar HR monitor (RX800CX, Finland), and was then asked to sit in an adjustable chair in front of an IBM-compatible computer with a 43-cm digital display computer screen, with the viewing distance being approximately 75 cm. An electro cap and electro-oculographic (EOG) electrodes were attached to his/her scalp and face before the cognitive test. Body temperature (BT) and resting HR (HR~rest~) were measured. After 20 practice trials to help the participants become familiar with the rules of the cognitive task, blood was withdrawn and then the formal cognitive test was immediately administered, with the subjects\' electrophysiological signals being recorded. Both AE and RE groups then performed approximately 40 min of acute aerobic and resistance exercise, respectively. Since exercise-induced hyperthermia and tachycardia are associated with P3 modifications ([@bb0235]), BT and HR were measured every 2 min after the acute exercise interventions. Once the participants\' BT and HR had returned to within 10% of baseline levels (on average about 5 min after a bout of acute exercise), blood was immediately withdrawn from each participant, and he/she then completed the cognitive task along with electrophysiological recording. With regard to the control group, after the first cognitive test these individuals took a rest of about 45 min, during which they read magazines, and then they took the cognitive test again. Additional blood samples were immediately taken after the participants had completed the second cognitive task test (about 20 min after acute exercise).

2.3. Acute exercise prescriptions {#s0025}
---------------------------------

The seat on the bicycle ergometer was adjusted according to the participant\'s height before the acute aerobic exercise. After a five-min warm-up, the participant performed a 30-min bout of exercise at moderate intensity, corresponding to 65--75% of the individual target heart rate reserve (HRR), as determined for each individual from the HR~rest~ and HR~max~ (i.e., 220-age), and then a five-min cool down was performed.

With regard to the acute resistance exercise, after a five-min warm-up, the RE group performed an approximately 30-min bout of moderate-intensity (75% 1RM) exercise on the bodybuilding machines and free weights, and then a five-min cool down. The core resistance exercise content consisted of the following exercises in the order stated: biceps curls, triceps extensions, bench presses, leg presses, leg extensions, and vertical butterflies. The participants in the RE group performed the resistance exercise for two sets of 10 repetitions, at an average speed, with a 90-second rest between sets, and a two-minute interval between each different exercise. The warm-up and cool-down included slow-paced walking and active mobility exercises for the joints of all four limbs.

2.4. The cognitive task {#s0030}
-----------------------

The Flanker task was used to assess the participants\' executive function, since older adults with MCI show a deficit when performing the cognitive task ([@bb0630], [@bb0650]). Such a cognitive task was programmed using E-prime software ([www.pstnet.com](http://www.pstnet.com){#ir0005}; Psychology Software Tools, Inc.), and implemented on a computer screen positioned so that the stimuli appeared at eye level. The total width of the five arrows is 4.2 cm, and each arrow has the same height of 2.2 cm and is separated by a space of 0.05 cm. Each stimulus array was thus presented foveally, and consisted of white arrows pointing in the left or right direction against a black background. Each array consisted of a row of five arrows, a target arrow located in the center location, and two distractor stimuli (i.e., flankers) located on each side of the target arrow. The participants were required to identify the direction of the central target arrow flanked by incongruent or congruent stimulus arrays. They had to respond as quickly and accurately as possible by pressing a right/left button on a response box corresponding to the direction of the center arrow (left or right). The responses to the stimuli were registered via the response box designed to interface with E-prime software. The Flanker task consisted of three conditions: (i) a congruent condition (45%), in which all flankers point in the same direction as the target arrow, (ii) an incongruent condition (45%), in which the target arrow is flanked by arrows pointing in the opposite direction on each side, (iii) a neutral condition (10%), in which the target arrow is flanked by the "+" symbol. The cognitive task was separated into three blocks, with 100 stimuli for each block. The three conditions were placed in a random order.

A trial commenced with a three-second countdown followed 1000 ms later by the presentation of a white fixation cross in the center of the computer screen. The cross was removed after 500 ms, and replaced by a stimulus array that remained on the screen until the participant made a response. In the case of no response, the maximal inter-trial interval occurred after a period of 2 s following the stimulus array, and in such cases the computer program noted that there was a lack of response and started a new trial. If the participant responded within 2 s, the stimuli disappeared and then the screen remained blank for 750 ms until a white fixation cross appeared to signal the beginning of a new trial. Therefore, the inter-trial interval from stimuli to stimuli was variable.

2.5. Electrophysiological recording and analysis {#s0035}
------------------------------------------------

Electroencephalographic (EEG) activity was measured through 18 Ag/AgCl sintered electrode sites (F7, F8, F3, F4, Fz, T3, T4, C3, C4, Cz, T5, T6, P3, P4, Pz, O1, O2, and Oz) embedded in an elastic electro cap (Quik-Cap, Compumedics Neuroscan, Inc., El Paso, TX, USA) according to the International 10--20 System, referenced to linked mastoid electrodes, with AFz placed on the mid-forehead serving as the ground electrode. The skin impedance was kept below 5 kΩ. To monitor possible artifacts due to eye movements, the adhesive ocular electrodes placed on the supero-lateral right canthus and below and lateral to the left eye connected to the system reference to obtain horizontal and vertical bipolar electrooculographic (i.e., HEOG and VEOG) activity for eye movements. The raw EEG signals were recorded with an A/D rate of 500 Hz/channel, a band-pass filter of 0.1--50 Hz, and a 60 Hz notch filter, and continuously written to a hard disk for off-line analysis using SCAN4.3 analysis software and amplified by a SynAmps amplifier (Compumedics Neuroscan, Inc., El Paso, TX, USA).

The ERP epoch for averaging was 900 ms, including 200 ms pre-stimulus to 700 ms post-stimulus onset. During the recording epoch, trials containing response errors and ocular artifacts were also discarded from further analysis, with a threshold of 100 μV in the VEOG, HEOG, and electromyogram being set for this. The remaining effective ERPs data was assembled across epochs according to congruent and incongruent conditions. Since executive functions involving in attentional control processes (e.g., Flanker task) are mediated by a large-scale network involving frontal and parietal systems ([@bb0370]), the stimulus-elicited P3 component was distinguished across the three electrodes (i.e., Fz, Cz, and Pz), with correction for differences in the 200 ms pre-stimulus baseline. Latencies were defined as the time point of the maximal amplitude within the latency window for every participant. P3 mean amplitudes were calculated for the time-window between 300 and 700 ms post-stimulus. The results were equivalent for the ERP elicited by all conditions and participants.

2.6. Blood sampling and analysis {#s0040}
--------------------------------

A 10-mL blood sample were obtained from the antecubital vein via an aseptic technique at three time points (T1: before the 1st cognitive task test; T2: before the 2nd cognitive task about 5 min after acute exercise; and T3: immediately after the 2nd cognitive task test) by a qualified phlebotomist. The blood samples were withdrawn for analysis of serum BDNF, IGF-1, VEGF, and FGF-2 levels. Blood samples were obtained via an indwelling catheter located in a forearm vein during the T2 and T3 time points, with sterile saline to flush the catheter to prevent clot formation. The catheter was cleared of saline prior to each sample collection. The blood samples were kept at room temperature to allow for clotting (BD Vacutainer Plus), and then centrifuged at 3000 rpm for 15 min at 4 °C (Hettich Mikro 22R, C1110). Samples were harvested, aliquoted, and stored at − 80 °C for further serum marker assays. The levels of serum BDNF, IGF-I, VEGF and FGF-2 were analyzed by Human Cytokine Antibody-Immobilized Magnetic beads (Millipore, Billerica, MA, USA). Measurements were performed on a Luminex 200 analyzer (Luminex, Austin, TX, USA). The whole procedure for the determination of the four molecular markers was performed by the same person to avoid inter-operator bias.

2.7. Data processing and statistical analysis {#s0045}
---------------------------------------------

With respect to the behavioral performance, the participants\' accuracy rates (ARs) and reaction times (RTs) were measured and analyzed. Trials with a response error or RTs shorter than 200 ms or longer than 1500 ms, which were regarded as anticipatory or delay errors, respectively, were excluded from the RT and ERP analysis. This time window was able to exclude all responses greater than two standard deviations from the mean response of each group, thereby excluding outliers that could skew the group means. The neutral condition was excluded, since the total number of trials was not sufficient to average the ERP components, and this study is concerned with the response interference/inhibition. No participant exceeded a 20% error rate. Therefore, the percentage of trials available for further ERP analysis was above 75% (i.e., at least 101 trials) in the congruent and incongruent conditions.

All independent variables for the neurocognitive (i.e., behavioral and electrophysiological) performance were separately analyzed using a mixed design, factorial, and repeated-measures analysis of variance (RM ANOVA). The ARs and mean RTs of accepted trials were submitted separately to a 3 (*Group*: AE vs. RE vs. Control) × 2 (*Time*: pre-exercise vs. post-exercise) × 2 (*Condition*: congruent vs. incongruent) RM--ANOVA. P3 components from ERP recordings were submitted separately to a 3 (*Group*: AE vs. RE vs. Control) × 2 (*Time*: pre-exercise vs. post-exercise) × 2 (*Condition*: congruent vs. incongruent) × 3 (*Electrode*: Fz vs. Cz vs. Pz) RM--ANOVA. All biochemical markers were submitted separately to a 3 (*Group*: AE vs. RE vs. control) × 3 (*Time*: T1 vs. T2 vs. T3) RM--ANOVA. Where a significant difference occurred, posterior comparisons of the mean values were performed by paired multiple comparisons (adjusted using the Bonferroni correction). Homogeneity and normality of variance assumptions were confirmed by Levene\'s and Kolmogorov-Smirnov tests, respectively. The significance levels of the *F* ratios were adjusted with the Greenhouse-Geisser correction for the violation of the assumption of sphericity when the degrees of freedom were more than one. The effect size, partial η^2^ (*η~p~*^2^), was used for the group comparison to complement the significance testing, with the following conventions used to determine the magnitude of the mean effect size: \< 0.08 representing a small effect, 0.08 to 0.139 a medium effect, and \> 0.14 a large effect. The relations between molecular markers and the neurocognitive performances at baseline across the three groups, and the changes in the biochemical markers and the neurocognitive performances from T1 to T2 time points, were examined with the Pearson product-moment correlation. A level of *p* \< 0.05 was accepted as statistically significant.

3. Results {#s0050}
==========

3.1. Demographic characteristics {#s0055}
--------------------------------

As seen in [Table. 1](#t0005){ref-type="table"}, three groups were matched at the group level on socio-demographic variables (e.g., age range, height, weight, BMI, systolic and diastolic pressure, years of education, and social participation) (all *p*s \> 0.05). A chi-square analysis failed to reveal any significant gender distribution difference among the three groups. The BDI-II, MMSE, and senior functional physical fitness scores also revealed non-significant differences across the three groups.

3.2. Behavioral indices {#s0060}
-----------------------

### 3.2.1. Accuracy rate (AR) {#s0065}

The RM ANOVA on the ARs only revealed significant main effects of *Condition* \[*F*(1, 63) = 41.89, *p* \< 0.001, *η~p~*^2^ = 0.40\]. Post-hoc analyses indicated that the ARs for the congruent condition (98.1%) were higher than those for the incongruent one (96.5%) for all three groups. Neither significant main effects of *Group* and *Time*, nor significant interactions between *Group*, *Condition*, and *Time* (*p*s \> 0.30 in all cases), were obtained.

### 3.2.2. Reaction time (RT) {#s0070}

As illustrated in [Fig. 2](#f0010){ref-type="fig"}, the RM ANOVA on the RTs revealed significant main effects of *Time* \[*F*(1, 63) = 4.65, *p* = 0.035, *η~p~*^2^ = 0.07\] and *Condition* \[*F*(1, 63) = 244.22, *p* \< 0.001, *η~p~*^2^ = 0.80\]. Post-hoc analyses indicated that the post-exercise RTs (607.10 ms) were faster than pre-exercise ones (621.11 ms) across the three groups and two conditions, and the RTs for the incongruent condition (648.67 ms) were longer than those for the incongruent one (579.54 ms) for all three groups. These main effects were superseded by the *Time* × *Group* \[*F*(2, 63) = 4.58, *p* = 0.014, *η~p~*^2^ = 0.13\] and *Group* × *Condition* \[*F*(2, 63) = 3.79, *p* = 0.028, *η~p~*^2^ = 0.11\] interactions. Post-hoc analyses for the *Time* × *Group* interaction indicated that the post-exercise RTs were faster than the pre-exercise ones across two conditions for the AE \[pre-exercise vs. post-exercise: 625.89 ± 105.49 ms vs. 592.81 ± 71.42 ms; *t*(24) = 2.39, *p* = 0.25\] and RE \[pre-exercise vs. post-exercise: 622.93 ± 120.87 ms vs. 600.68 ± 117.07 ms; *t*(20) = 2.44, *p* = 0.24\] groups.Fig. 2Behavioral RTs (ms) in congruent and incongruent conditions (Mean ± SE) for the aerobic and resistance exercise groups before and after an acute bout of exercise intervention and control group before and after rest. (\**p* \< 0.05).Fig. 2

3.3. Electrophysiological indices {#s0075}
---------------------------------

### 3.3.1. P3 latency {#s0080}

As shown in [Fig. 3](#f0015){ref-type="fig"}, the RM ANOVA on the P3 latency revealed significant main effects of *Condition* \[*F*(1,62) = 39.62, *p* \< 0.001, *η~p~^2^* = 0.39\] and *Electrode* \[*F*(2124) = 3.62, *p* = 0.030, *η~p~^2^* = 0.06\]. Post-hoc analyses indicated that P3 latency showed significantly earlier in the congruent condition (516.23 ms) than in the incongruent condition (554.66 ms), and significantly earlier for the Fz electrode (529.41 ms) than for the Pz electrode (541.64 ms). Neither significant main effects of *Group* and *Time*, nor other significant interactions, were obtained.Fig. 3Grand averaged ERP waveforms (Fz, Cz, and Pz) in the congruent and incongruent conditions for the aerobic and resistance groups before and after an acute bout of exercise intervention and for the control group before and after rest. (Yellow marks denote significant differences between pre- and post-exercise.)Fig. 3

### 3.3.2. P3 amplitude {#s0085}

The RM ANOVA performed on the P3 amplitudes showed the main effects of *Time* \[*F*(1,63) = 25.49, *p* \< 0.001, *η~p~^2^* = 0.29\] and *Electrode* \[*F*(2126) = 26.08, *p* \< 0.001, *η~p~^2^* = 0.16\], suggesting that P3 amplitude was significantly larger post-exercise (9.47 μV) than pre-exercise (7.99 μV), and significantly larger for the Cz (9.53 μV) electrode than for the Fz (8.39 μV) and Pz (8.27 μV) electrodes. The interactions of *Time* × *Group* \[*F*(2,63) = 7.41, *p* = 0.001, *η~p~*^2^ = 0.19\], *Time* × *Group* × *Electrode* \[*F*(4126) = 2.67, *p* = 0.035, *η~p~^2^* = 0.08\], and *Time* × *Group* × *Condition* × *Electrode* \[*F*(4126) = 4.12, *p* = 0.004, *η~p~*^2^ = 0.12\] were also significant. Post-hoc analysis showed that the P3 amplitudes were significantly larger post-exercise than pre-exercise at all electrodes and conditions in the AE and RE groups (almost all *p*s \< 0.007), except the post-exercise P3 amplitude (8.37 μV) relative to pre-exercise one (7.66 μV) did not achieve significance in the congruent condition at the Pz electrode in the RE group (*p* = 0.286).

3.4. Circulating molecular markers {#s0090}
----------------------------------

### 3.4.1. Brain-derived neurotrophic factor (BDNF) {#s0095}

As seen in [Fig. 4](#f0020){ref-type="fig"}, there were a significant effect of *Time* \[*F*(2126) = 5.23, *p* = 0.005, *η~p~*^2^ = 0.08\] and a significant effect of *Group* × *Time* \[*F*(4126) = 2.54, *p* = 0.043, *η~p~*^2^ = 0.08\] on BDNF levels. Post-hoc analyses revealed that no significant differences in the BDNF levels were observed between three groups at the T1 and T3 time points; the BDNF levels at the T2 time point approach significance (*p* = 0.069) across the three groups, with higher levels in the AE group as compared to the Control group (*p* = 0.063); in the AE group, the BDNF level was found to increase significantly at the T2 relative to the T1 time point (T1 vs. T2: *p* = 0.001), and decrease significantly at the T3 relative to the T2 time point (*p* = 0.009).Fig. 4Changes in brain-derived neurotrophic factor (BDNF), insulin-like growth factor 1 (IGF-1), vascular endothelial growth factor (VEGF), and fibroblast growth factor 2 (FGF-2) (Mean ± SE) for the aerobic and resistance groups before and after an acute bout of exercise intervention and for the control group before and after rest. \[Baseline: T1 (green bar); T2 (red bar): before the 2nd cognitive task; T3 (blue bar): after the 2nd cognitive task\] (\**p* \< 0.05; \#*p* value approaches significance).Fig. 4

### 3.4.2. Insulin-like growth factor-1 (IGF-1) {#s0100}

There were a significant effect of *Time* \[*F*(2126) = 8.32, *p* \< 0.001, *η~p~*^2^ = 0.12\] and a significant *Group* × *Time* effect \[*F*(4126) = 2.55, *p* = 0.042, *η~p~*^2^ = 0.08\] on IGF-1 levels. Post-hoc analyses revealed that no significant differences were found for the T1, T2, and T3 time points across the three groups; in the AE group, the serum IGF-1 level was found to increase significantly at T2 relative to T1 (*p* = 0.032), and there was an approaching significant decrease at T3 relative to T2 (*p* = 0.064); in the RE group, the serum IGF-1 level was found to increase significantly at the T2 relative to T1 (*p* = 0.005), and to decrease significantly at T3 relative to T2 (*p* = 0.001).

### 3.4.3. Vascular endothelial growth factor (VEGF) {#s0105}

Only the effect of the *Group* × *Time* interaction \[*F*(4126) = 2.16, *p* = 0.078, *η~p~*^2^ = 0.06\] was marginally significant for VEGF levels. Post-hoc analyses revealed that in the AE group there was a trend towards increased levels of serum VEGF at T2 relative to T1 (*p* = 0.050).

### 3.4.4. Fibroblast growth factor 2 (FGF-2) {#s0110}

Neither significant main effects of *Group* and *Time*, nor a significant *Group* × *Time* interaction, were obtained.

### 3.4.5. Correlations between neurocognitive performances and molecular markers {#s0115}

There were almost no significant correlations among the BDNF, IGF-1, VEGF, and FGF-2 levels and behavioral (i.e., ARs and RTs) and electrophysiological (i.e., P3 latency and amplitude) performances before and after acute exercise across the three groups, except for the significant correlation between P3 latency and IGF-1 levels at T2 (*r* = − 0.30; *p* = 0.017), and the approaching significant correlations between RTs and BDNF levels at baseline (*r* = − 0.23; *p* = 0.065) and P3 latency and IGF-1 levels at T3 (r = − 0.23; *p* = 0.071) (see [Fig. 5](#f0025){ref-type="fig"}). In addition, no significant correlations emerged among the changes in RTs and P3 amplitudes and the changes in the levels of the BDNF, IGF-1, and VEGF with acute exercise (T2 vs. T1) in the AE and RE groups.Fig. 5Scatterplots of the relationship between neurocognitive performance and circulating molecular markers in the Flanker task in all participants.Fig. 5

4. Discussion {#s0120}
=============

The present study assessed the different effects of acute aerobic and resistance exercise on neurocognitive performance and neuroprotective growth factors (i.e., exerkines) in older adults with aMCI, and investigated the relationship between changes in neurocognitive performance and exerkines induced by the two exercise modes. Although the older aMCI adults did not show significantly improved ARs, possibly due to high performance before the exercise intervention when performing the Flanker task, as seen in previous works ([@bb0350], [@bb0650]), acute aerobic or resistance exercise could still affect neurocognitive performance (e.g., RTs and P3 amplitude). Additionally, acute aerobic exercise significantly increased serum BDNF and IGF-1 levels (with a trend towards an increase in the VEGF levels), while acute resistance exercise only significantly increased serum IGF-1 levels in the older adults with aMCI. This suggests that the two exercise modes might have distinct effects on these neuroprotective growth factors in aMCI. However, correlations between changes in serum BDNF, IGF-1, and VEGF levels and changes in neurocognitive performance did not reach significant levels in the AE and RE groups in the present study. This could be attributed to the fact that increased levels of molecular parameters were reduced from T2 to T3 time points, or that the impact of two distinct modes of acute exercise on neurocognition was similar and the pattern of molecular changes was different.

Previous research demonstrated that older adults with MCI showed slower RTs than healthy controls, and that the greater RT cost (i.e., incongruent RTs − congruent RTs; ability in response inhibition / conflict resolution) was significantly larger in the MCI group as compared to the control group when the participants performed the Flanker task ([@bb0630], [@bb0650]). In the present study, the *Time* × *Group* × *Condition* interaction on the RTs did not achieve a significant difference, suggesting that the acute exercise intervention could not facilitate specific effects on the response inhibition/interference. However, in agreement with previous works which noted that older adults exhibited shorter RTs following the acute moderate aerobic exercise ([@bb0300]), the significant *Time* × *Group* interaction effect in the present study reflected that the RTs were significantly shortened across conditions in both AE and RE groups when performing the Flanker task after acute aerobic and resistance exercise interventions compared to pre-exercise. This suggests that both exercise modes could facilitate stimulus evaluation and response processes (response selection and execution, [@bb0180]) in the older adults with aMCI. Indeed, previous studies have demonstrated that the two exercise modes could significantly facilitate behavioral performance (i.e., shorter RTs and higher ARs) when young and older adults performed cognitive tasks involving executive functioning ([@bb0070], [@bb0290], [@bb0555], [@bb0560], [@bb0575]). Although improved behavioral performance with regard to the time efficiency of the central processing of cognitive functions was found in this work, this beneficial effect of acute exercise on response speed from baseline to immediately post-exercise is relatively transitory ([@bb0070], [@bb0545]), and could be attributed to increases in general physiological arousal and neural activation ([@bb0170], [@bb0295]). However, given the results of the present study, where similar effects on the speed of processing emerged in both AE and RE groups, it appears that both aerobic or resistance exercise modes could be viable approaches to enhance executive functions involving attentional control in the elderly with aMCI. In addition, the findings in this study also suggested that aerobic and resistance exercise could enhance the activities of the right hemisphere temporal-parietal junction, ventrolateral prefrontal cortex, and dorsolateral prefrontal cortex networks in older adults with aMCI, since these brain areas are associated with response speed when patients with neurodegenerative diseases (e.g., MCI and AD) perform the Flanker task ([@bb0350]).

Previous studies have proposed that the ERP P3 component is sensitive enough to identify an early stage of cognitive impairment in the elderly with MCI ([@bb0080], [@bb0275], [@bb0570]). Even though [@bb0630] found that older adults with MCI showed longer P3 latencies than healthy controls when performing the Flanker task, and [@bb0300] found that the P3 latency following a bout of light or moderate aerobic exercise was shorter than during the baseline session in older adults when performing the Flanker task, acute bouts of exercise, regardless of aerobic or resistance mode, failed to modulate the P3 latency in the present study. This suggests that the time required to detect and process a stimulus in the environment could not be facilitated in the older adults with aMCI. By contrast, acute aerobic and resistance exercise enlarged the P3 amplitude in the older adults with aMCI when performing the Flanker task, implying that neuronal activity could be facilitated by the two exercise modes in the preclinical dementia/AD disease stage. Similar to the general non-selective effects of acute bouts of exercise on the RTs, the changes in P3 amplitudes were also observed across task conditions in the present study, which could be attributed to an increase in the arousal levels or modification of humoral functioning (e.g., catecholamine) ([@bb0070], [@bb0170], [@bb0295], [@bb0555], [@bb0575]), which further induce more resources to be made available for stimulus-driven attention and motor readiness. It is worth noting that chronic exercise intervention can potentiate long-term potentiation (van [@bb0595]), increase the expression of neuroplasticity-related transcription factors (e.g., cAMP) ([@bb0470]), gene products, (e.g., synapsin I and synaptophysin) ([@bb0610], [@bb0615]) and synaptic plasticity genes ([@bb0500]), and enhance hippocampal dendritic length and dendritic spine complexity ([@bb0435]). Further studies with long-term exercise interventions are necessary to strengthen the current findings and determine the exact mechanisms of aerobic and resistance exercise on the neurocognitive facilitation seen in the elderly with aMCI.

BDNF, a member of the neurotrophin family of factors, supports neural growth and survival and synaptic plasticity, and is highly concentrated in the hippocampus and cortex ([@bb0150], [@bb0255], [@bb0340]). Lower serum levels of BDNF are associated with smaller hippocampal volumes ([@bb0520]) and a decline in executive functions in MCI ([@bb0480]), partly supporting the finding that an approaching significant correlation emerges between RTs and BDNF levels in older adults with aMCI when performing the Flanker task at baseline. Patients with AD whose cognitive abilities are rapidly declining have significantly lower serum BDNF concentrations than those with a slow cognitive decline ([@bb0335]). Previous animal studies have also demonstrated that physical exercise can increase BDNF expression in the hippocampus and cortical regions ([@bb0025], [@bb0580]). Importantly, peripheral serum BDNF levels might serve as a proxy for cortical levels, since significant links between serum and cortical BDNF levels were found in a rodent study ([@bb0305]). Increases in BDNF have been related to exercise-induced positive effects on cognitive functions ([@bb0260]). In line with most investigations that have examined young adults ([@bb0205], [@bb0260]) and healthy older adults ([@bb0135]), acute aerobic exercise was found to significantly increase circulating BDNF levels in older adults with aMCI in the present study. Importantly, even AD patients can increase plasma BDNF levels via acute aerobic exercise ([@bb0135]). The previous and present findings suggest that although there are decreased levels of BDNF precursor (pro-BDNF) and mature BDNF in the cortex and hippocampus of older adults in the preclinical stages of AD ([@bb0405]) and in those with AD ([@bb0200]), which could constitute a lack of trophic support and contribute to cognitive impairment ([@bb0135]), older adults with such a neurodegenerative disease could increase their circulating BDNF levels via aerobic exercise. However, although the effects of resistance exercise on BDNF have been demonstrated in the elderly ([@bb0130]), in the present study, acute resistance exercise did not induce a significant elevation in circulating serum BDNF levels. The results of this work are in accordance with earlier studies investigating the effects of acute resistance exercise on circulating BDNF levels in young adults ([@bb0140], [@bb0240]). Moreover, although [@bb0445] found that serum BDNF levels increased after acute resistance exercise, the neuroprotective growth factor did not show a significant difference from pre-exercise values in the young adults.

Systemic IGF-1 in adults increases neuronal excitability and modulates neurogenesis, synaptic density and plasticity, and neurotransmission ([@bb0195]). In addition, another study also found that IGF-1 is involved in vascular remodeling and maintenance ([@bb0345]). Therefore, age-related reductions in the levels of serum and brain IGF-1 have been associated with decreased cerebral vascular density and blood flow ([@bb0490]), and are a potential mechanism that may influence cognitive function in the elderly ([@bb0495]), partly supporting the significant correlation between P3 latency and IGF-1 levels at the T2 time point that was observed in the older adults with aMCI in the present study. These findings also support the idea that a decrease in the level of IGF-1 with aging is a well-established risk factor for neurodegenerative diseases ([@bb0090]). Physical exercise can increase peripheral IGF-1 levels to mediate neurogenesis and prevent brain damage through increased uptake of such a growth factor by the brain ([@bb0145]). [@bb0445] found that either low or high acute resistance exercise increases the level of IGF-1 in young adults. Likewise, previous studies also demonstrated that acute aerobic exercise can significantly increase circulating IGF-1 levels in young adults ([@bb0065]). However, [@bb0065] found that serum IGF-1 levels could be significantly increased after acute aerobic exercise only in healthy individuals but not in patients with GH deficiency. In the present study, we found that both acute aerobic and resistance exercises could significantly increase serum IGF-1 levels in the older adults with aMCI, suggesting that both physical exercise modes could be effective to improve reduced circulating IGF-1 levels in aMCI ([@bb0060]) and AD ([@bb0390]). In addition, such a neuroprotective hormone could, probably by enhancing transport of Aβ carrier proteins (e.g., albumin and transthyretin) into the brain, reduce brain (e.g., hippocampus, and parietal and pyriform cortices) Aβ load ([@bb0105]). For example, in animal studies, although over 18-month-old aging rats showed increased levels of Aβ in the brain as compared to the younger ones ([@bb0605]), the Aβ levels of the aging rats were reduced back to those seen in young rats in the hippocampus and cortex after treatment with IGF-1 ([@bb0105]). Similarly, transgenic mice with a 60% decrease in serum IGF-1 levels showed prematurely increased brain Aβ levels. After one month of treatment with IGF-1, the brain Aβ levels were significantly reduced ([@bb0105]). These studies with normal aging or transgenic animals may support the idea that IGF-1 modulates endogenous/transgenic Aβ clearance in the brain. It is worth noting that, relative to aerobic exercise, only long-term resistance exercise could significantly increase basal serum levels of IGF-1 in the elderly ([@bb0590]). The resistance exercise mode might also have potential effects to reduce brain Aβ load ([@bb0105]) and increase/preserve hippocampal volume ([@bb0355]) in older adults with aMCI.

VEGF produced in central and peripheral areas is expressed in multiple cells (e.g., endothelial cells and platelets) and tissues (smooth and skeletal muscle) ([@bb0230]). VEGF not only promotes the formation and growth of blood vessels ([@bb0005]), but also, operating as an intermediate mechanism, promotes neurogenesis and synaptogenesis through neural cell differentiation, growth, and regeneration ([@bb0450]), suggesting that this biomarker can sustain widespread angiogenic and neurotrophic actions. In effect, VEGF can counteract the negative effects of oligemia in AD ([@bb0280]), and VEGF activity may be associated with AD neuropathology and brain areas linked to cognitive functions. VEGF deficiency determines neural degeneration with a reduction in neural blood flow. The reduction in VEGF synthesis could be directly linked to the specific molecular effects of Aß~1--42~ ([@bb0485]). VEGF liberation through exercise could be due to alterations in the cardiovascular and hemodynamic components, with an increase in shear stress and tension on the blood vessels ([@bb0430]), and expression of VEGF mRNA and protein due to hypoxia ([@bb0430]). The amount of hypoxia-inducible protein can increase in the periphery after acute exercise ([@bb0465]) and cross the blood-brain barrier to mediate angiogenesis ([@bb0145]), which has been associated with cognitive facilitation ([@bb0005]). Therefore, VEGF seems to be associated with the vascular benefits of physical exercise, developing the role of an important moderator in the process of angiogenesis ([@bb0145], [@bb0190]). In the present study, there was a trend towards increased levels of serum VEGF through acute aerobic exercise in the older adults with aMCI, which was in accordance with previous research. For example, through muscle biopsy, [@bb0230] found that amount of VEGF protein decreased after acute aerobic exercise in young men, reflecting the secretion of VEGF from the skeletal muscle into the circulation after exercise, and suggesting that circulating VEGF levels could be increased by acute aerobic exercise. Similarly, [@bb0325] also found acute aerobic exercise could increase plasma VEGF levels in sedentary and endurance-trained men. Two previous studies also verified that an acute bout of aerobic exercise can increase VEGF concentrations in the elderly with artery pathology ([@bb0010], [@bb0460]). However, the present study failed to find that acute resistance exercise could increase serum VEGF levels in older adults with aMCI, partly in line with [@bb0445] findings that acute resistance exercise of both low and high intensity could not increase VEGF levels in young adults. Thus far, to the best of our knowledge, no studies have been conducted to investigate the effects of acute exercise on VEGF in healthy older adults or in the elderly with MCI. Therefore, the present findings extend current knowledge with regard to whether aerobic or resistance exercise could be more effective to increase the serum VEGF levels in older adults with aMCI.

Age-related memory impairment can be attributed to age-related changes in the hippocampus. Such conditions have been correlated with dramatically decreased neurogenesis in the dentate gyrus during senescence due to reduced levels of FGF-2 (also VEGF and IGF-1) in the hippocampus ([@bb0475]). FGF-2 is believed to afford neuroprotection by acting against glutamate induced neurotoxicity ([@bb0365]), interfering with a number of signaling pathways (e.g., including maintenance of calcium homeostasis), and strengthening the anti-apoptotic pathways ([@bb0035]). Decreased levels of FGF-2 may also increase the vulnerability of the aging hippocampus to different types of neuronal loss/damage ([@bb0475]). Indeed, intracerebroventricular or subcutaneous injections of FGF-2 can significantly enhance neurogenesis in the dentate gyrus in the aged brain ([@bb0285]). FGF-2 has been proposed to participate in exercise-induced increases in the number of new hippocampal neurons ([@bb0595]). In animal studies, [@bb0245] found increases in FGF-2 mRNA levels in the hippocampal but not in the caudal and middle regions of the cerebral cortex or striatum following variable periods of exercise, reaching a peak by the 4th night and returning to about normal levels by the 7th night of wheel-running. However, in the present study, the level of FGF-2 did not seem to be increased via acute aerobic or resistance exercise in the older adults with aMCI. Still, it is worth noting that the levels of FGF-2 are abnormally elevated in AD brains, especially in the limbic area ([@bb0155]), which induces up-regulation of the expression of tau and inhibits neuronal differentiation in hippocampal progenitor cells ([@bb0525]). This gives rise to the possibility that the high FGF-2 levels seen with AD might be inhibitory for neurogenesis, as FGF-2 was significantly decreased after long-term aerobic exercise in amyloid precursor protein (APP)-23 mice ([@bb0640]).

Some cross-sectional studies found that, after adjusting for multiple covariates, circulating BDNF was significantly associated with cognitive test scores in the elderly ([@bb0320], [@bb0515]). Similarly, circulating IGF-1 levels in seniors or patients with AD revealed a significant, positive association with cognitive functions ([@bb0390]). However, in the present study, the changes in neurocognitive performance (e.g., RTs and P3 amplitudes) were not significantly correlated with the acute-exercise-induced changes of serum BDNF, IGF-1, and VEGF levels in the older adults with aMCI. There are two possible explanations to account for this. First, the beneficial effects of acute aerobic and resistance exercise on neurocognitive performance might be explained in terms of heightened arousal, due to exercise-induced temporary changes in the reallocation of mental resources and metabolic rate ([@bb0055]). Second, although the positive effects of exercise on the levels of some neuroprotective growth factors in older adults with aMCI were found in the present study, the effects were only transient. Indeed, [@bb0560] found that, even though the serum levels of neurotrophic factors (e.g., GH and IGF-1) were significantly increased via acute resistance exercise in young adults, these increased levels fell significantly within 20 min after exercise. Similarly, although [@bb0010] found that significant VEGF increases remained for up to 24 h after the end of acute aerobic interventions in the elderly with peripheral arterial occlusive disease, in line with [@bb0230] findings, the increased serum VEGF levels induced by acute aerobic exercise showed a decreased trend in the present study, suggesting that skeletal muscle may take up VEGF from the circulation ([@bb0270]). Therefore, although one physical exercise session, with either aerobic or resistance exercise, could promote increases in BDNF, IGF-1, or VEGF levels, the transient nature of these effects could explain the lack of correlations between the changes in neurocognitive performance and those of the neurocognitive growth factors.

Both BDNF and IGF-1 are widely expressed in the human adult brain ([@bb0030], [@bb0385]). BDNF and IGF-1 insufficiencies have been proposed as risk factors for AD ([@bb0330], [@bb0550], [@bb0660]), while an enhanced level of peripheral IGF-I is thought to mediate the induction of hippocampal BDNF ([@bb0145]). The acute-exercise-mediated effect on the brain via IGF-1 might be involve in the increased hippocampal expression of BDNF and increased c-fos activation labeling through the brain ([@bb0100]). The interactive effects of BDNF and IGF-1 are thus considered as the key factors in the beneficial effects of exercise on cognitive functions ([@bb0145]). In addition, IGF-I induces VEGF expression and secretion by a paracrine mechanism, indicating that VEGF secretion is involved in the IGF-1 pathway ([@bb0265]). Exercise-dependent stimulation of hippocampal neurogenesis and angiogenesis seems to be regulated by the interactive effects of IGF-1 and VEGF ([@bb0145]). These interactive mechanisms of BDNF, IGF-1, and VEGF and these biomarkers are strongly associated with the regulation of Aβ deposits ([@bb0015], [@bb0045], [@bb0105], [@bb0485]), suggesting that aerobic exercise could have more effects for patients with AD-related pathology, since the serum levels of the three growth factors could be induced by acute aerobic exercise, while acute resistance exercise could only induce the IGF-1 levels.

4.1. Limitations {#s0125}
----------------

There are some limitations to this study, which must be addressed in future work. First, since the brain levels of neurotrophic and angiogenesis factors cannot easily be obtained in humans, the circulating levels in the present study may or may not reflect what is actually going on within the brain. Second, since the increased level of circulating serum BDNF and VEGF in the present study could be attributed to the large contribution of platelet-derived BDNF and VEGF ([@bb0225], [@bb0360]), the sources of the two biomarkers used in the measurements (i.e., serum vs. plasma) might be an issue worth exploring in the future. However, a significant correlation between serum and plasma VEGF protein has been documented ([@bb0325]), and the VEGF findings in the present study still provide important information about exercise in relation to aMCI. Third, since VEGF could be co-accumulated with Aβ deposits in AD brains, which results in impaired VEGF availability in the central nervous system (CNS) and contributes to vascular dysfunction and neurodegeneration ([@bb0655]), [@bb0120] found that the levels of plasma VEGF were higher in AD patients and the controls, and were much higher in AD patients with a fast cognitive decline and the APOE ɛ4 allele, which might reflect the progressive VEGF deficiency in the AD brain. Therefore, whether the increased serum VEGF levels through aerobic exercise in the older adults with aMCI found in the present study are a positive or negative effect needs further explanation, and to some extent some speculation. Further work is also needed to clarify the relation between exercise and VEGF in the MCI subgroups (e.g., MCI with or without the APOE ɛ4 allele). Lastly, although acute aerobic and resistance exercise could temporarily increase the levels of some neuroprotective growth factors and enhance neurocognitive performance in the older adults with aMCI in this study, which suggests that exercise is an effective way to improve neural growth and activity, how long these parameters could be changed during the baseline conditions needs further examination, possibly via long-term exercise intervention.

5. Conclusions {#s0130}
==============

The present study finds that changes in neuroprotective growth factors and neurocognitive performances after acute exercise among older adults with aMCI and different exercise (e.g., aerobic and resistance) modes seem to have distinct effects on exerkines, which suggests that the cognitive neuroprotective effects of exercise, regardless of aerobic or resistance, may attenuate the risks of neurocognitive impairment and slow dementia in older adults with aMCI via plausibly divergent biologic pathways. Most importantly, the individuals at this stage still exhibit molecular and neural plasticity in response to exercise. Although the elderly with MCI showed impaired neurocognitive performance and reduced circulating levels of the neuroprotective growth factors, the present findings might reflect that physical exercise could regulate expression of some growth factors (e.g., BDNF, IGF-1 and VEGF), and retard these negative issues and reduce the risk of dementia/AD in the long term. However, compared to resistance exercise, aerobic exercise would be more effective for increasing exerkine levels. Although the transient improvements shown in the present work need further long-term exercise intervention studies to elucidate the substantially facilitative effects and the association between different exercise modes and neurocognitive/biochemical changes in aMCI, the implications of this study could provide a neural and molecular basis for the improvements in the deficits of cognitive function associated with active lifestyles, and guide the development of behavioral strategies to successful aging in older adults with aMCI.
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